INTRODUCTION
The generic name Saccharomyces was introduced by Meyen (1838) and defined by Reess (1870) . In the 4th edition of The Yeasts, a Taxonomic Study, 14 species (Saccharomyces barnettii, Saccharomyces bayanus, Saccharomyces castellii, Saccharomyces cerevisiae, Saccharomyces dairenensis, Saccharomyces exiguus, Saccharomyces kluyveri, Saccharomyces paradoxus, Saccharomyces pastorianus, Saccharomyces rosinii, Saccharomyces servazzii, Saccharomyces spencerorum, Saccharomyces transvaalensis and Saccharomyces unisporus) were described for the genus (Vaughan-Martini & Martini, 1998) . James et al. (1997) analysed relationships among Saccharomyces species based on 18S rDNA sequences and described two new species, Saccharomyces kunashirensis and Saccharomyces martiniae ; while Wyder et al. (1999) The GenBank /EMBL /DDBJ accession numbers sequences are AB016512 (IFO 10181 T ), AB016513 (IFO 10673 T ) and AB016514 (IFO 1889 T ) for the 18S rDNA sequences and AB040999 (IFO 10673 T ) and AB041000 (IFO 1889 T ) for the 26S rDNA domain D1/D2 sequences. The nuclear DNA base compositions were determined by HPLC as described by Tamaoka & Komagata (1984) .
DNA-DNA hybridization. DNA-DNA base sequence similarity between strains was studied by the photobiotin microplate-hybridization method of Ezaki et al. (1988 Ezaki et al. ( , 1989 as modified by Kaneko & Banno (1991) .
PFGE.
Yeast cells were harvested from 5 ml of a culture grown overnight in YPD broth. Agarose blocks containing chromosomal DNA were prepared according to the method of Carle & Olson (1984) . Electrophoresis was carried out following the method of Ueda-Nishimura & . DNA bands stained in ethidium bromide were observed on a transilluminator (TL-33 ; Ultra-Violet Products) and photographed.
18S rRNA gene sequencing and phylogenetic analysis. 18S rRNA gene (rDNA) sequences were determined using a Thermo Sequenase fluorescent labelled primer cycle sequencing kit with 7-deaza-dGTP (Amersham Pharmacia Biotech) following the supplier's protocol. PCR for amplification of 18S rDNA and cycle sequencing using PCR products were performed as described by Ueda-Nishimura & Mikata (1999) .
Sequence data were aligned manually with various 18S rDNA sequences for representatives of related genera obtained from the GenBank. A phylogenetic tree was constructed by Kimura's two-parameter method (Kimura, 1980) and the neighbour-joining method (Saitou & Nei, 1987) using  . Bootstrap values (Felsenstein, 1985) were calculated from 1000 replicates. (Saiki et al., 1988) was performed for 30 cycles of denaturation at 94 mC for 30 s, annealing at 57 mC for 30 s, and extension at 72 mC for 45 s with TaKaRa Taq DNA polymerase (Takara) using the primer pair NL-1 (5h-GCA TAT CAA TAA GCG GAG GAA AAG-3h) and NL-4 (5h-GGT CCG TGT TTC AAG ACG G-3h) (Kurtzman & Robnett, 1997) . The PCR products were purified with GFX PCR DNA and Gel Band Purification Kit (Amersham Pharmacia Biotech) following the supplier's protocol. For sequencing, purified PCR products were used as a template and NL-1 and NL-4 were used as primers.
RESULTS AND DISCUSSION

Morphology and major ubiquinone of isolated strains
In all isolates, persistent asci arose directly from diploid cells, forming 1-4 globose to subglobose ascospores ( Fig. 1, lower) . As monosporic cultures from four-spored asci could sporulate, they were judged to be homothallic. The major ubiquinone of all nine isolates was Q-6. These results suggested that all isolates might be put in the genus Saccharomyces.
Electrophoretic karyotypes
Electrophoretic karyotyping has been used as a tool for the distinction of species in the genus Saccharomyces (Naumov et al., 1995 ; Naumova et al., 1996 ; Vaughan-Martini, 1995 ; Vaughan-Martini et al., 1993 . The nine isolates were categorized into three groups based on their electrophoretic karyotypes, which differed from those of the type strains for all currently described Saccharomyces species (data not shown). The karyotype patterns of IFO 10181 T , IFO 10922, IFO 10923 and IFO 10924 were similar to each other and displayed 12 bands in a wide range of sizes (0n5-2n2 Mb) (Fig. 2, lane 2) . That of IFO 10673 T was unique having 10 bands ranging from 0n5 to 2n2 Mb (Fig. 2 , lane 3). The patterns of IFO 1889 T , IFO 10674, IFO 10675 and IFO 10676 were similar and displayed 10 bands in a wide range of sizes (0n4-2n2 Mb) (Fig. 2, lane  4) . As a consequence, when strain IFO 10181 T , initially classified as S. exiguus based on its physiological characteristics, showed a chromosomal pattern significantly different from that species, it was listed as Saccharomyces sp. in the 10th edition of the IFO list of cultures (1996) . In addition, all of the new species had karyotypes sufficiently different from those of S. cerevisiae and related species to indicate that the isolates did not belong to the Saccharomyces sensu stricto complex (Vaughan-Martini et al., 1993) .
DNA base compositions and DNA-DNA hybridization
The DNA GjC contents of the isolates were 31n0-31n5, 33n8 and 44n0-44n7 mol %, respectively (Table 2) . DNA base sequence similarity tested against type strains of Saccharomyces sensu lato species by the microplate-hybridization method showed that IFO 10673 T had low similarity to all tested strains ( Growth in YM medium : after 3 d at 24 mC, the cells are globose to ellipsoidal (2n7-6n0)i(3n5-8n0) µm, single or in pairs (Fig. 1a, upper) . After 1 month at 17 mC, a sediment is present and occasionally a thin film. Growth on YM agar medium : after 1 month at 17 mC the streak culture is butyrous, cream to slightly brownish, smooth, scanty growth, rather flat or raised, dull, with an entire or undulating margin. Dalmau plate culture on corn meal agar : after 7 d at 24 mC, pseudohyphae are not formed. Formation of ascospores : vegetative cells are transformed directly into persistent asci containing 1-4 globose to subglobose (2n3-3n8)i(2n3-4n2) µm, smooth ascospores (Fig. 1a New species of Saccharomyces sensu lato maltosum, trehalosum, lactosum, raffinosum, inulinum nec amylum solubile. Glucosum et galactosum assimilantur, sucrosum, maltosum, cellobiosum, trehalosum, lactosum, melibiosum, raffinosum, melezitosum, inulinum, amylum solubile, arabinosum, ethanolum, methanolum, glycerolum, erythritolum, ribitolum, galactitolum, salicinum, acidum succinicum, acidum citricum, arbutinum, inositolum, glucosaminum, Saccharomyces humaticus (hu.ma.ti.cus. L. adj. humaticus the soil from isolated). Growth in YM medium : after 3 d at 24 mC, the cells are globose to ellipsoidal (4n3-6n4)i(5n9-11n0) µm, single or in pairs (Fig. 1b, upper) . After 1 month at 17 mC, a sediment is present. Growth on YM agar medium : after 1 month at 17 mC the streak culture is butyrous, cream to slightly brownish, smooth, scanty growth, rather flat or raised, dull, with an entire or undulating margin. Dalmau plate culture on corn meal agar : after 7 d at 24 mC, primitive pseudohyphae are formed. Formation of ascospores : vegetative cells are transformed directly into persistent asci containing 1-4 globose to subglobose (2n7-4n3)i(2n7-4n3) µm, smooth ascospores (Fig. 1b, lower Glucosum et galactosum fermentatur, at non sucrosum, maltosum, trehalosum, lactosum, raffinosum, inulinum et amylum solubile. Glucosum, galactosum et trehalosum (tardus) assimilantur, sucrosum, maltosum, cellobiosum, lactosum, melibiosum, raffinosum, melezitosum, inulinum, amylum solubile, xylosum, rhamnosum, ethanolum, methanolum, glycerolum, erythritolum, ribitolum, galactitolum, glucitolum, salicinum, acidum succinicum, acidum citricum, gluconatum, arbutinum, inositolum, glucosaminum, Saccharomyces yakushimaensis (ya.ku.shi.ma.enhsis L. adj. yakushimaensis pertaining to Yaku Island, Japan, where the yeast was originally isolated). Growth in YM medium : after 3 d at 24 mC, the cells are globose to subglobose (4n8-7n0)i(5n9-9n1) µm, single or in pairs (Fig. 1c, upper) . After 1 month at 17 mC, a sediment is present. Growth on YM agar medium : after 1 month at 17 mC the streak culture is butyrous, cream to slightly brownish, smooth, scanty growth, rather flat or raised, dull, with an entire or undulating margin. Dalmau plate culture on corn meal agar : after 7 d at 24 mC, pseudohyphae are not formed. Formation of ascospores : vegetative cells are transformed directly into persistent asci containing 1-4 globose to subglobose (2n5-4n3)i(3n2-4n8) µm, smooth ascospores (Fig. 1c, lower 2-ketogluconate, 5-ketogluconate, glucosamine, glucono-1,5-lactone, N-acetyl--glucosamine or hexadecane. Ethylamine and -lysine are assimilated as a sole nitrogen source, but not potassium nitrate and cadaverine. Growth in vitamin-free medium is negative. Growth at 34 mC is positive, at 37 mC negative. Growth in the presence of 1000 p.p.m. of cycloheximide is negative. Growth on 50 % (w\w) glucoseyeast extract agar is negative. Growth in 10 % sodium chloride plus 5 % glucose in yeast nitrogen base is negative. Diazonium blue B reaction is negative. Production of starch like substances is negative. Urease activity is negative. Ubiquinone type is Q-6. The GjC content of the nuclear DNA is 31-32 mol %.
Strains IFO 1889 T , IFO 10674 and IFO 10675 from partially decayed leaves and IFO 10676, from soil were isolated in August 1971 in Yaku Island, Japan. Cultures of the type strain IFO 1889 T (l CBS 8894 T ) have been deposited in the culture collection of the Institute for Fermentation, Osaka (IFO).
Physiology
Differential physiological characteristics for the isolates and other Saccharomyces species are listed in Table 3 . Most physiological analysis corresponded to those of previous studies except for the ability of S. kunashirensis CBS 7662 T ( l IFO 10915 T ) and S. martiniae CBS 6334 T ( l IFO 0752 T ) to utilize and ferment sucrose. Contrary to others who found that these could ferment but not utilize this suger aerobically as a sole carbon source (James et al., 1997) , in this study both tests gave negative results. This seems more in keeping with the fact that the 4th edition of The Yeasts, a Taxonomic Study (Kurtzman & Fell, 1998) does not list strains able to ferment a compound that it is not able to also use aerobically. S. naganishii was similar to S. barnettii and S. exiguus in its ability to ferment glucose, galactose, sucrose, trehalose and raffinose. However, S. naganishii could be distinguished from S. barnettii and S. exiguus by the assimilation of ethylamine, lysine and cadaverine. S. humaticus and S. yakushimaensis were similar to each other and to S. castellii, S. dairenensis, S. kunashirensis, S. rosinii, S. servazzii, S. transvaalensis and S. unisporus in their ability to ferment and assimilate glucose and galactose and their failure to utilize most other compounds. However, S. humaticus and S. yakushimaensis could be distinguished from the above species by the combination of ethylamine, lysine and cadaverine assimilation. Furthermore, they can be distinguished by trehalose, lysine and cadaverine assimilations and mol % GjC contents, although
